The unlabeled substance P (SP) antibody-peroxidase-antiperoxidase reaction was used on tissue prior to embedding in epoxy resins for ultrastructural identification of the SP cell and its immunoreactive granules. The SP cell is [10] [11] [12] [13] [14] [15][16][17][18][19][20] Am in diameter and has sparse cytoplasm with numerous intensely reactive SP granules with cytoplasmic reactivity (7). The present study identifies SP-reactive nerve terminals in the spinal cord, describes the SP cell in the sensory ganglia, and provides ultrastructural evidence concerning the transport or release of SP-immunoreactive product at nerve terminals, into the extracellular space, and into the vascular system.
tensely reactive SP granules 100-300 nm across, large clear vacuoles, elaborate smooth endoplasmic reticulum, fragmentary rough endoplasmic reticulum, dispersed ribosomes, few mitochondria, and a modest Golgi apparatus. The large SP-reactive granules are discharged into the extracellular space, either with cell membrane intact or as unbound dense material. The membrane-bound dense granules are transported intact through endothelial cells into the blood or are picked up by Schwann cells and fibroblasts. Other SP-reactive granules lose their limiting membranes, fragment, and then disperse into fine immunoreactive grains that bind to the extracellular matrix and to collagen. Dispersed SP-reactive granules are transported within myriad pinocytotic vesicles across endothelial cells with numerous luminal plications and are discharged into the blood. Pinocytosis of dispersed SP-reactive material, that can be detected intracellularly, also occurs in Schwann cells and fibroblasts. The SP axons to the substantia gelatinosa are unmyelinated or finely myelinated. Their synaptic varicosities display a generalized axoplasmic immunoreactivity, which also occurs in and around small vesicles. The larger SP synaptic vesicles are intensely reactive. A previous study (1) using the unlabeled substance P (SP) antibody-peroxidase-antiperoxidase (PAP) method (2) (5) , mainly in small vesicles (6) , or a combination of these findings with heavy reactivity in large vesicles together with cytoplasmic reactivity (7) . The present study identifies SP-reactive nerve terminals in the spinal cord, describes the SP cell in the sensory ganglia, and provides ultrastructural evidence concerning the transport or release of SP-immunoreactive product at nerve terminals, into the extracellular space, and into the vascular system.
MATERIALS AND METHODS Preparation of Nerve Tissue for Electron Microscope
Immunocytochemistry. Adult normal rats (100 g body weight) anesthetized with chloral hydrate were perfused through the heart with 1 liter of fixative (2% formaldehyde/0.25% glutaraldehyde/0.12 M phosphate buffer, pH 7.3/0.02 mM calcium chloride) for 30 min. Tissue from the cervical spinal cord and cervical and thoracic dorsal root ganglia was dissected out, left in cold fixative for 30 min to 4 hr, and then sectioned at about 10 ,um into cold 0.05 M Tris buffer in 0.9% saline (pH 7.6) on a Vibratome (Oxford Instr.). Sections were collected and handled gently thereafter with clean camel hair brushes and placed in nylon mesh wells to facilitate rinsing. Immunocytochemical reactions with a modified PAP method (1) were used on these free sections, which were then embedded in epoxy resin (Epon 812). Antiserum to SP [characterized as described (5) ] was used at concentrations of 1:100. Controls were prepared by inactivating the antiserum to SP by preincubation with the antigen in excess and then used at a concentration of 1 with any of the heavy metal salts commonly used for electron microscopy. Enhanced contrast in reactive and nonreactive tissues for ease of examination and photography was achieved by operating the electron microscope at lower voltages (e.g., 20-40 kV) and using small objective apertures. The selected region in the 10-,Am slice of tissue was serially thin-sectioned from end to end and the sections were placed on slit copper grids. Because of the low penetrance of the reagents, the reacAbbreviations: SP, substance P; PAP, peroxidase-antiperoxidase. 4050 The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
Proc. Natl. Acad. Sci. USA 74 (1977) (Fig. 3 a-e) , or a homogeneous, generally dispersed immunoreactivity that appears to be bound to the matrix and collagen fibers (Figs. 1 inset, 3 a-e, and 4).
These electron micrographs suggest that the SP granular immunoreactive material has several fates. These are described in the sequence of electron micrographs that follows.
The granules (100-300 nm in diameter and membranebound) occur in the fine processes of the SP cell, distorting the shape of the fiber so that it is almost varicose (Fig. 2 b and c) , and the fragments of rough endoplasmic reticulum, mitochondria, and smooth reticulum are pushed aside by these granules (Fig. 2b) . By a process of cellular fragmentation, observed in serial sections, the entire vesicle is released into the extracellular space (Fig. &c) with membrane intact. Because the SP granules have rapid access to the blood through the basal lamina and the capillary endothelial cell. This occurs in two forms: either the intact SP-immunoreactive granule is picked up by the endothelial cell (Fig. 2d) for ultimate extrusion into the blood (Fig. 2e) , losing its membrane in the process; or the SP granule fragments and small (40-50 nm across) immunoreactive particles cross the endothelium by pinocytosis.
The process of release and fragmentation of SP granules is shown in Fig. 3 . Either SP can be released from the immunoreactive cell as a membrane-bound granule (Fig. 2c) or the membrane-free SP reactive product is expelled free into the extracellular space. This leaves the SP cell with a resultant "empty" vacuole (Fig. 3a) (Fig. 4) . These :.a X* Aw ;
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as well as on membranes bounding organelles and on mithe membranes of large and small vesicles. The small vesicles crotubules, but not within mitochondria. In the terminals, the all contained an immunoreactive product that was darker than SP reactivity was also generally in the axoplasm and delineated the generalized cytoplasmic product but less intense than that (Fig. 5) . The large granular vesicles varied; some axons had only round ones ranging from 90 to 100 nm in diameter and evenly distributed in the axoplasm (Fig. 5) (5) (6) (7) . Nevertheless, the ultrastructural findings of all these studies are supported by biochemical investigations, using subcellular fractionation techniques, on central nervous tissue (10) (11) (12) (13) nervous tissue (14) . For example, SP values estimated by radioimmunoassay in subcellular fractions prepared from isotonic sucrose homogenates of rat forebrain showed that 66% of the total SP content is recoverable in a crude mitochondrial/synaptosomal fraction and some peptide was recoverable in particulate form in synaptic vesicle fractions (6) .
